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ALPHA 

ALPHA-SECTOR, (J. s 

b 

BETA 

c 

CeRe 

DELTBF 

DELTA.E 

DELTSB 

DTW/DT 

E 

GAGE NO 

H(TR) 

H (TT) 

H(0.95TT) 

(Hi/Hu) 

NOMENCLATURE 

Denote constant terms used to calculate R 

Model angle of attack, deg 

Tunnel sector angle, deg 

Model \Vall thickness, ft 

Model angle of sideslip, deg 

Model wall specific heat, Btu/Ibm-oR 

Center of rotation, axis about which 
model is pitched in the tunnel 

Schmidt-B~elter calibration constant, 
mv/Btu/ft -sec, Table 4 

Body flap deflection angle, deg 

Elevon deflection angle, deg 

Speed brake deflection angle, deg 

Derivative of the model wall temperature 
with respect to time, OR/sec 

Schmidt-Boelter Gage output, mv 

Sch~idt-Boelter Gage identification number 

Heat-transfer coefficient based on TR, 

Qror I 

TR-Tl'iT 
Btu 

Heat-transfer coefficient based on TT, 

Qror , 
'IT-TW 

Btu 

Heat-transfer coefficient based on 0.95TT 

QDOT , 
-r( 0"-.--=<"9-==5'1T) -'lW 

Btu 

Ratio of the local heat-transfer coefficient 
on the External Tank in the interference flow 
field; i.e., with orbiter, SPB's divided by 
the local heat transfer coefficient for the 
tank alone. 
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H(RTT) 

HREF, H(REF) 

MACH NO., M 

MODEL 

MU 

OTS 

P 

PT 

Q 

QDOT 

RUN 

r 

R 

RN 

RE',RE/FT 

RHO 

ROLL-SECTOR, ¢ 

SRB 

STFR 

Heat-transfer coefficient based on RTT 

qJOl' , 
R'IT-TW 

Btu 

Reference heat-transfer coefficient based on 
Fay-Riddell theory, Btu/ft2-sec-oR, 
see Appendix III 

Axial reference length, in. (see Fig. 2) 

Mach number 'at boundary layer edge 

Free-stream Mach number 

Model configuration 

Free-stream viscosity, Ib-sec/ft2 

Direction cosines of the outward unit norwal 
vector at each measurement location on the 
External Tank and SRB's. See Table 3. 

Orbiter, external tank, and both solid rocket 
boosters 

Free-stream pl:essure, psia 

Tunnel stilling chmnber pressure, psia 

Free--stream dynamic pressure, psia 

Heat-transfer rate, Btu/ft2-sec 

Data set identification number 

Recovery factor 

Radius or analytical temperature ratio, 
TR/TT 

Reference nose radius for HREF and STFR 
calculations, (RN = 0.0'175 FT) 

Free-stream Reynolds numbers ~r foot, ft- l 

Free-stremTI density, Ibm/ft3 

Tunnel sector angle of roll, deg 

Solid Rocket Booster 

Theoretical stagnation point Stanton number 
for a 0.0175-ft radius sphere calculated 
from Fay-Riddell the01:y , 
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S.P. 

T 

TC-NO 

THETA, e 

TI 

TR 

T'r 

TW 

v 

x 

X/L 

YAW 

y 

p 

Schmidt-Boelter gage sca~e factor the 
reciprocal of Cl, Btu/ft -sec/mv 

Temperature, oR 
Free-stream static temperature, oR 

Thin skin thel~couple identification 
number 

Temperature at the edge of the boundary 
layer, oR 

Model circumferential measurement coordinate, 
deg (see Fig. 2) 

Model initial wall temperature prior to, 
injection in the tunnel, oR 

Boundary layer recovery temperature, oR 

Free-stream total temperature, oR 

Model wall temperature, oR 

Free-stream velocity, ft/sec 

Model axial coordinate, in. 

Nondimensionalized axial location 

Model angle of yaw, deg 

The included angle between the free stream 
velocity vector and local unit normal to 
the model surface,deg 

Ratio of specific heats 

Model wall densi ty, Ibm/ft3 

CONFIGURATION - OTS + 'rr + TVC 

*OTS 

Tr 

TVC 

0.0175 scale orbiter, External Tank, right and 
left Solid Rocket Boosters (SRB'p) 

Transition strips (SRB's and Orbiter) 

Thrust Vector Control Pods on left SRB only 
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*OTS 

B62 - Fuselage 

. Cl2 - Canopy 

Ml6 - OMS Pod 

W1l6 - Wing 

ES2 - Elevon 

Va - V~rtical tail 

RIa - Rudder 

Fl0 - Body flap 

T38 - External Tank (Spike Nose) 

S26 - Solid Rocket Booster 
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1.0 INTRODOCTION 

The work reported herein was performed by the Arnold 
Engineering Development Center (AEDC), Air Force Systems Command 
(AFSC), under Program Element 92lE02, Control Number 9E02. The 
program was jointly sponsored by NASA-Marshall Space Flight 
Center (NASA/MSFC), Huntsville, Alabama and the Aerospace Flight 
Dynamics Testing Office (OOFA) , Arnold Engineering Development 
Center (AEDC). The NASA/MSFC project manager was Mr. L. D. 
Foster and the AEDC/DOFA project manager was Mr. J. T. Best. 
NASA/MSFC representatives supporting the test 'were Mr. John 
Warmbrod, REMTECH Corporation and Mr. E. C. Knox, Rockwell 
International both of Huntsville, Alabama. AEDC representatives 
were Messrs W. K. Crain and K. W. Nutt, Cal span Field Services, 
Inc./AEDC Division. The results were obtained by Calspan Field 
Services, Inc./AEDC Division, operating contractor for the 
Aerospace Flight Dynamics testing effort at the AEDC, AFSC, 
Arnold Air Force Station, Tennessee. The tests were performed in 
the von Karman Gas Dynamics Facility (VKF) Aerothermal Tunnel C 
during the time period October 21-22, 1982. The AEDC Project 
Number was C795VC (Calspan Project Number V--C-2E). 

Due to the low driving potential (TR-TW < 100 OF) 
experienced in conducting heat transfer tests in Tunnel A, NASA 
has been concerned about the validity of the interference heating 
measurements (Hi/Hu) obtained on the External Tank in previous 
Tunnel A tests (Refs. 1-2). With the advent of the M = 4 Aero­
thermal Tunnel addition to Tunnel C, came the capability to 
provide conditions similar to those run in Tunnel A but at a much 
higher driving potential (,rR-TN > 800 OF). In addition, condi­
tions could be provided in the Aerothermal Tunnel to duplicate 
space shuttle flight length Reynolds number. r 

Objectives of the program were: to obtain interference 
heating data on the integrated vehicle at conditions comparable 
to previous tests run in Tunnel A, at similar and higher values 
of driving potential. Secondly, to obtain External Tank 
interference heating data at conditions comparable to flight~ 
STS 1-4. The configuration tested was the 0.0175 scale 60-0TS 

integrated Space Shuttle vehi~le. Test conditions covered the. 
range M = 4.00, Re/ft = 4 x 10 , TT = 270 - 980~' for the first 
objective. Model attitude was varied from -5 to +5 degrees 
angle of attack and -3 to +3 degrees angle of side slip. For the 
second objective, the model was run at launch attitudes 
ex~rienced on STSl-4 and condi ttons of M = 4.00, RElft = 0.4 x 
10 (STS 1-3) and Re/ft = 6.6 x 10 (STS 4). These data provide a 
base then, for assessment of the validity of the interference 
heating factors (Hi/Hu) obtained in Tunnel A, as well as a base 
for comparisons between Aerothermal Tunnel C, Tunnel A and 
flight. 

A summary of the test data transmitted is shown in Table 1. 
Inquiries to obtain copies of the test data should be directed to 

6 



NASA/MSFC, Huntsville, AL., 35812 or AECC/DOFA, Arnold pES, TN, 
37389. A microfilm record has been retained in the VKF at AEDC. 

2.0 APPARATUS . 

2.1 TEST FACILITY 

The Mach 4 Aerothermal Tunnel C is cit closed-circuit, high 
temperature, supersonic free-jet wind tunnel with an axisymmetric 
contoured nozzle and a 25 in.-diam nozzle exit, Fig. 1. This 
tunnel utilizes parts of the Tunnel C circuit (the electric air 
heater, the Tunnel C test section and injection system) and 
operates continuously over a range of pressures from nominally 15 
psia at a minimum stagnation temperature of 710~ to 180 psia at 
a maximum temperature of l570°R. Using the normal Tunnel C r1ach 
10 circuit (Series Heater Circui t), the Aerothermal Mach 4 nozzle 
operates at a maximum pressure and temperature of 100 psia and 
19000 R, respectively. The air temperatures and pressures are 
normally achieved by mixing high temperature air (up to 22500 R) 
from the primary flow discharged from the electric heater with 
the bypass air flow (at 1440oR) from the natural gas-fired 
heater. The primary and the bypass air flows discharge into a 
mixing chamber just upstream of the Aerothermal Tunnel stilling 
chamber. The entire Aerothermal nozzle insert (the mixing 
chamber, throat and nozzle sections) is water cooled by integral, 
external water jackets. Since the test unit utilizes the Tunnel 
C model injection system, it allows for the removal of the model 
from the test section while the free-jet tunnel remains in opera­
tion. A description of the Tunnel C equipment may be found in 
the Test Facilities Handbook, Ref. 3. 

2.2 TEST ARTICLE 
, ,'~ 

The 60-OTS m«lel -is a 0.0175 scale thin skin thermocouple 
model of the Rockwell International Vehicle 5 Configuration (Fig. 
2). The 60-OTS configuration tested was composed of the follow­
ing Rockwell component buildup: OTS = B62 C12 N16 Wll6 E52 V8 
RI8 F10 T38 S26. The mooel was constructed of 17-4 stainless 
steel with a nominal skin thickness of 0.030 in. at all instru­
mented areas except the intertank area. A new instrumented 
corrugated intertank, Fig. 2b, was installed for this test. 
Effective skin thickness of this section was 0.040 in. In addi­
tion, the external tank was configured with the 30 deg/10 deg 
spiked nosetip, (Fig. 2b). Thrust vector Control Pods (TVC) 
(Fig. 2d) were added to the aft skirt of the left SRB. 

An orbiter elevon deflection angle of zero degrees was run 
throughout the test. The orbi ter speed brake and body flap were 
set at zero degrees deflection also. 

Boundary layer trips were used on the orbi ter and each SRB 
to generate a turbulent boundary layer (Fig. 2e). The trips 
consisted 9f 0.025 in.-diam balls spaced on 0.075 in. centers. 
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Trips for the SRBs were attached to formfitted steel rings while 
trips for the orbiter were attached to a steel strip. Axial 
location of the trips on tbe SRBs was X/L ::::0.033 and for the· 
orbiter the location was X/L = 0,040 •. 

An installation photograph of the 60-0TS model in Tunnei C 
is shown in Fig. 3a and an installation sketch of the model is 
shown in Fig. 3b. 

2.3 TEST INSTRUMENTATION 

The instrumentation, recording devices, and calibration 
methods used ·td measure the primary tunnel and test data 
parameters are listed in Table 2a along with the estimated 
measurement uncertainties. The range and estimated uncertainties 
for primary parameters that were calculated from the measured 
parameters are listed in Table 2b. 

The 60-orS' model was instrumented .. with chromel-constantan 
thin-skin thermocouples (30 gage wire) and 0.050 in.-diam thermo­
pile Schmidt-Boelter heat transfer gages. Schmidt-Boelter gage 
instrumentation was placed in locations not instrumented on pre­
vious space shuttle tests such as struts, cable trays and other 
support structure and protub?rances. Instrumentation location is 
listed in Table 3. 

The External Tank was instrumented with 164 thin skin 
thermocouples and 28 Schmidt Boelter gages. Instrumentation was 
composed of gages and thermocouples carrying the 600, 700, 2000 
and 5000 series designation numbers. Instrumentation location is 
depicted in Fig. 4a for the External Tank and in Figs. 4b-4f for 
the support hardware; i.e., bipod strut, cable tray, thrust 
struts, etc. 

The SRBs were instrumented as follows: the right SRB (Fig. 
Sa) contained 8 thin skin thermocouples and 6 Schmidt-Boelter 
gages. The left hand SRB (Fig. Sb) contained 16 thin skin 
thermocouples. Right SRB instrumentation was composed of the 
3000 series designation numbers while the 4000 series designation 
pertained to the left SRB. Instrumentation location on 
associated SRB hardware (support struts, kick rings, etc.) is 
illustrated in Fig.· Sc-Sil!. 

The Schmidt-Boelter gages were provided by Medtherm Corpora­
tion of Huntsville, Alabama. The gage is a direct reading heat 
flux gage with a chrome I-constantan thermocouple vapor-deposited 
on the gage surface. The addition of the thermocouple to the 
gage allows measurement of surface temp..~rature and heat flux 
simul taneously. The principle of operation of the gage is based 
on axial heat conduction from the gage surface to a heat sink 
embedded wi thin the gage. The difference in temperature between 
two points along the path of heat flow from the surface to the 
sink is proportional· to the heat transferred and. therefore the 
heat flux absorbed. At two such points, the Me<-ltherm gages have 
thermocouple junctions which form a differential thermoelectric 
circuit, providing a self generating.EMF between the two output 
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leads directly pr8portional to the heat transfer rate. The gages 
were built in-place and are therefore an integral part of the 60-
OTS model. Schmidt>-Boelter gage "calibrations were performed by 
the Medtherm Corporation. '1'he resulting calibration constants 
are presented in rtable 4. 

3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

A sunmary of the nominal test conditions is given below: 

M PT, psia TT, oR P, psia T, oR Re/ft x 10-6 

4.00 175 1440 1.1 350 3.6 
140 1240 0.9 300 3.6 
120 1050 0.8 250 4.0 
102 980 0.7 230 3.8 

60 740 0.4 180 3.5 
119 740 0.8 180 6.6 

20 1430 0.1 350 0.4 

Data were obtained on the External Tank and Solid Rocket 
Boosters over the attitude range -5 to +5 degrees angle of attack 
and -3 to +3 degrees angle of yaw. Yar.v angles were achieved by 
pitching and rolling the model. 

A test summary showing the configuration tested and the 
variables for each run is presented in Table 5. 

3.2 TEST PROCEDURES 

3.2.1 General 

In the continuous flow wind tunnels (A, B, C), the model is 
mounted on a sting support mechanism in an installation tank 
directly underneath the tunnel test section. The tank is 
separated from the tunnel by a pair of fairing doors and a safety 
door. When closed, the fairing doors, except for a slot for the 
pitch sector, cover the opening to the tank and the safety door 
seals the tunnel from the tank area. After the model is prepared 
for a data run, the personnel access door to the installation 
tank is closed, the tank is vented to the tunnel flow, the safety 
and fairing doors are opened, and the model is injected into the 
airsteam. After the data are recorded, the model is retracted 
into the tank and the sequence is reversed with the tank being 
vented to atmosphere to allow access to the model in preparation 
for the next run. 

3.2.2 Data Acquisition 

The initial step prior to recording the test data was to 
cool the m"odel uniformly to approximately 3SoF. This was accom­
plisbEil by positioning the mooel in the Tunnel C cooling manifold 
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.'8nd bathing the model in chilled high pressure air. The model 
w.a~·:then injected out of the cooling environment into the tunnel 
flow. Instrumentation outputs were .scanned approximately 17 
times per second starting upon. inject~on and continuing to 
approximately 1.,5 seconds after the model reached tunnel 
centerline. The model was then retracted into the tank area 
below the tunnel and the cooling cycle begun to cool the model to 
an isothermal state. A photograph of the model in the cooling 
rig is shown in Fig. 6. 

The model data were acquired using a 256 channel analog to 
digital mUltiplexing system. These measurements as well as 
tunnel flow measurements, model attitude measurements and time 
were processed by the Random Access Data Acquisition System 
(RADS) PDP~ll minicomputer and recorded on disc memory for 
transmission to the facility computer (DEC-Un for data' 
reduction. 

3.3 DATA REDUCTION 

3.3.1 Tunnel Parameters 

Measured stilling chamber pressure and temperature and the 
calibrated test section Mach number were used to compute the 
free-stream parameters. The equations for a perfect gas 
isentropic expansion from stilling chamber to test section were 
modified to account for real gas effects. 

3.3.2 Thin Skin Measurements 

The reduction of thin skin temperature data to coefficient 
form normally involves only the calorimeter heat balance for the 
thin skin as follows: 

QDOT 

H(TR) 

pbc(DTW/DT) 

QDOT 
TR-TH 

pbc(DTW!DT) 
TR-TW 

Thermal radiation and heat conduction effects on the thin­
skin element are neglected in the above relationship and.the skin 
temperature response is assumed to be due to convective heating 
only. It can be shown that for constant TR, the following 
relationship is hue: 

d 
dt [

TR-TI] 
In TR-Ti~ 

DTW!DT 
TR-TW 

Substituting Eq. (3) in Eq. (2) and rearranging terms yields: 

H(TR) 
pbc 

d 
dt [

TR-TI] 
In TR-nl 
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By assuming that the value of H(TR)/p be is a constant it can be 
seen that the derivative (or slope) must also be constant. 
Hence, the term 

[ 
TR-TI] 

,In TR-TW 

is linear with time. This linearity assumes the validity of Eg. 
(2) which applies for convective heating only. The evaluation of 
conduction effects will be discussed later. 

The assumption that H(TR) and c are constant is reasonable 
for this test although small variations do occur in these 
parameters. The variations of H(TR) caused by changing wall 
temperature and by transition movement with wall temperature are 

. trivial for the small wall temperature changes that· occur' during 
data reduction. The value of the model material specific heat, 
c, was computed by the relation 

c ~ 0.0797 + (5.556 x 10-5 )TW, (17-4 PH Stainless steel) (5) 

The maximum variation of c over the curve fit was less than 1.5 
percent. Thus, the assumption of constant c used to derive 
Equation 4 was reasonable. The value of density used for the 17-
4 PH stainless steel skin was p = 490 Ibm/ft3 , and the skin 
thickness, b, for each thermocouple is listed in Table 3. 

The right side of Equation 4 was evaluated using a linear 
least squares curve fit of 7 consecutive data r~ints to determine 
the slope. The curve fit used for the final data reduction was 
started at approximately the time the model arrived on tunnel 
centerline. H(TR) was then calculated for each thermocouple from 
the resulting slopes and the appropriate values ~f pbc; 

. d [TR-TI] 
H(TR) ~ pbc dt In TR-TH 

To investigate conduction effects, a second value of H(TR) 
was calculated one second later than the value under 
consideration for final tabulated data. A comparison of these 
two values \AlaS used to identify those thermocolaples that were 
significantly influenced by conduction or system noise. In 
addi tion, timewise variation of H (TR) was monitored to insure 
that the final data were reduced during a time period where H (TR) 
was constant. Those measurements significantly affected were 
then deleted from the final data. In general, conduction and/or 
noise effects were found to be negligible. 
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3.3.3 Schmidt-Boelter Measurement 

Measurements obtained from the Schmidt-Boelter gages; i.e., 
gage output, . E, and surface thermocouple output, were used to 
calculate the incident heat flux (QDOT), wall temperature (TW) 

. and heat transfer coefficient in· the following manner~ The gage 
output and surface thermocouple were sampled five consecutive 
times and then averaged. The average values of the gage output E 
were then related to the incident heat flux (QDOT) through the 
gage scale factor. 

QDOT = (S.F.)(E) (7) 

The scale factor is equal to the reciprocal of the gage 
calibration constants (Cl ) listed in Table 4. 

S.F. = 1.!C 1 
(8) 

Using the same averaging procedure, an average value of gage 
surface thermocouple output was obtained. The average values 
were then related to the wall temperature (TW) through the use of 
a fifth degree polynomial curve fit of the NBS (National Bureau 
of Standards) tables for' chromel-constantan thermocouples. The 
heat transfer coefficient for each average value was calculated 
from the follovling equation: 

H(TR) 
QDOT 
(TR-TW) 

(9) 

Final data reduction of the Schmidt-Boelter gages was taken at 
the same time as the thin-skin thermocouples; i.e., when the 
model reached tunnel centerline~ Timewise variation of H(TR) 
versus time for the various Schmidt-Boelter gages was moni tored 
to insure that the final data were reduced during a time period 
where H(TR) was constant. For cases where either the gage output 
or surface thermocouple was faulty, that particular measurement 
was deleted. 

3.3.4 Recovery Temperature and R Factor 

since the actual value of the recovery temperature ('l'R) at 
each measurement location is not known, three assumed values of 
TR are used to calculate the local heat transfer coefficients. 
rEhey are TR = TTl 0.95 TT, and RTT where R is defined by the 
analytic temperature ratio TRITT. The analytic method for 
determining R was developed by Rockwell International. In this 
method the following relationships were assumed: 

TR 
R = TT 
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and 
TR '" T (1 + y-1 r H 2) 

e 2 e 

r ::: 0.898 'for turbulent flow 

vIi th r being the 'recovery factor and the sUbscript e identifying 
local properties at the boundary-layer edge. From these 
relationships, the temperature ratio can be defined as: 

1 + 0.2 r M 2 
R = ____ --,.-=--_e_ 

1 + 0.2 M2 

which is a function of the recovery factor and the local Mach 
nrunber. The local Mach nrunber can be written 

M = M (H", 8) e e 

where 6 is the local surface angle of attad:. 

The local Mach number can be app roximated by using tangent 
cone flow theory, and was, used in Eq. (13) to give R as a 
function of M and 6. Calculations of R were made for several 
values of M and 6, and the results were curve fit by Rockwell 
International. The following equation resulted. 

a 
R(M, 8) ;=: a

1 
+ a

2
' (sin 6) 3 

(11 ) 

(12) 

(13 ) 

. (14) 

where al,a2sand a3 are constants for a particular Mach number. 
Turbulent values of al~a2,and a3 for this test were provided by 
Rockwell International and are as follows: 

H 

4.00 , 0 .. 922' , 1 .965 

The angle 6 is the included angle between the free stream 
velocity vector and the local normal to the model surface. 
S was computed using the following equation 

8 =: sin -1 ~N cos (j, - N sin (j, sin¢ + N sin (j, cos¢) (-1)~ , l x s y s z s j 
where Nx' NT and Nz are the direction cosines for the local unit 
normal. . Values of Nx ' Ny and Nz for e~ch thin skin thermocouple 
and Schmldt--Boel ter gage are tabulated In 'l'able 3. 

For values of 0 ~ 0, R = al' 

For R values > 1. 0 ,R = 1. 00 

Values' of heat transfer coefficient H ('l'T) r H (0. 95'l"r) and 
H(RTT) were normalized using the Fay-Riddell stagnation point 

13 



heat transfer coefficient H (REF). The calculation of H (REF) was 
based on a hemispherical nose radius of 0.0175 ft model scale 
(1.0 ft full scale). Definition of the calculation of H (REF) is 
given in Appendix III. 

3.4 UNCERTAINTY OF MEASUREMENTS 

In general, instrumentation calibration and data uncertainty 
estimates were made using methods recognized by the National 
Bureau of Standards (NBS). Measurement uncertainty is, a 
combination of bias and precision errors defined as: 

U :: ±(B + t 9SS) 

where B is the bias limit, S is the sample standard deviation and 
t95 is the 95th percentile point for the two-tailed Student's lit" 

. dIstribution (95-percent confidence interval), which for' sample 
sizes greater than 30 is taken equal to 2. 

Estimates of the measured data uncertainties for this test 
are given in Table 20.. The data uncertainties for the 
measurements are determined from in-place calibrations through 
the data recording system and data reduction program. 

Propagation of the bias and precISIon errors of measured 
data through the calculated data \'las made in accordance with Ref. 
4 and the results are given in Table 2b. 

4.0 DATA PACKAGE PRESENTATION 

Convective heat-trans fer-rate distributions were obtained on 
a 0.0175 scale model of the Space Shuttle Integrated Vehicle. 
'1'he final tabulated and photographic data were transmitted to 
NASA/MSFC and AEDC/DOFA with this report. Examples of the 
tabulated data for the thin skin .and Schmidt-Boelter gage 
measurements are pJ:esented in Appendix IV. A photographic log 
correlating roll number and run number is· presented in Table 6. 

Representative data from the top centerline of the External 
Tank ( =0 deg) are presened in Fig. 7. The data from the current 
test are compared with data from previous entries in Tunnel A 
i.e., IH·-72, IH-85, as well as turbule.nt theory of Ref. 
5. The data pertain to the integrated vehicle while the theory 
was calculated for interference=free tank alone. Agreement with 
previous data and theory (upstream of interference regions) is 
considered good for validation of the basic results. 

14 
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TABLE 1, Data Transmittal Summaxy 

The following items were transmitted to the following; 

'-

Item 

Test Summary Report 

Data Package ' 

Final Data Tape 

Installation Photos 

Model Photographs 

70 mm Shadowgraph and 
Schlieren Stills 
Contact Prints 
Duplicate Negative 

Mr. L. D. Foster 
NASA/MSFC 
Huntsville, AL 
35812 \ 

No. of Copies 

3 

3 

1 

1 

1 

1 
1 

Mr. J. T. Best 
AEDC/DOFA 
MS600 
Arnold AFS, 
TN 37389 

No. of Copies 

2 

1 

1 

1 

1 
1 

Mrs. D. B. Lee 
NASAiJSC 
ES3 
Houston, TX 
77058 

No. of Copies 

1 

1 

1 

Mr. Paul Lemoine 
Rockwell Inter­
national Space 
Divis.ion 
12214 Lakewood 
Blvd. 
Downey, CA 
90241 

No. of Copies 

3 

·3 

1 

1 

1 

1 

Mr. E. C. Knox 
Rockwell Inter­
national Space 
Division 
3322 S. 
Memorial f'kwy. 
Huntsville, AL 

No. of Copies 

1 

1 

1 

1 



. '1 PROJECT NUMBER _C::...7c..;9c..;5:..,;Vc..;C'-____ _ 

! TESTING CO'.!PLETED 10/19/82 
MEASUREMENT UNCERTAINTY 

TABLE 2. 
DATA QUALITY.CERTIFIED: 

'ORIGINATOR W. K. Crain 

CHECKED BY 
DATE 12/6/82 

DATE 

.C"­
O 

T.~BLE CO'.!PLETED 12/6/82 

P3.rzmet~r 

Designation 

PT t psia 

REFERwCE 
PRESSURE,psia 

'IT,oR 

TW,oF 
(thin skin thermo~ 
cou;:>les only) 

Tr,;E,sec 

SECTOR PITCH 
;'~GLE,deg 

SECTOR RO"LL 
A~GLE,deg 

KOTES: I 

Precision Index 
=(S) 

.., bD 
C C 
OJ ..... 

0 ..... '" :... 0 {\\" 
<II OJ 
P. 0:: 

1 
'>-<<11 
0 ........ 

::I C 
.... OJ <II 
...... ('j s 
c OJ 

::>::<: 

0 .. 05 

0.001 

1 
1 

1 

5xlO-4 

0.025 

0.15 

..... 
o E 

o 
<11'0 
<II <II 
I-> W 
bDl-> 
<lI~ 

Q 

30 

30 

I ~g I 

30 

30 

30 I 
30 

SHEET NO. 1 OF 2 

ESTIMATED MEASUREMENT* 

..... b.O 
C C 
<II .... 
0 ..... '0 
I-> 0 os 
OJ W 
P. 0:: 

0.375 

Bias 
:I;(B) 

1 
,,>-< W 

01-> .... 

" c .... Ul<ll 
.", '" E 
C <II 
::>::<: 

0.25 

0.009 

2 

2 

Runtime(sec~x5x 
10-

Uncertainty 
±(B + t95S) 

.... bD 
c C 
<II .... 
0'>-<'0 
I-> 0 '" OJ OJ 
P. 0:: 

1 
'>-<<11 
01-> .... 

" c .... Ulw 
..... ro E 
c w 
::>::<: 

0.39 

0.011 

4 
(0.375% + 20 R) 

4 

~untime£rC)X5X 
. 10- + 10-3 

0.05 

0.3 

Range 

0-250 

11-16 

32-530 
530-

2300 

0-300 

ms-365 
days 

:1;15 

±180 

1. Uncertainty fQr the thin skin measureJents in the E..'{terna~ Tank corrugated injertank 
Due to the gedmetry of this area dnly "effective" skin th' ckllesses were suppl' ed. I I 

2. Use of the ScHmidt Boelter gages 's a relatively new and nproven technique, special 
protuberance areas. consCqUentlY~UnC(rtainty on the Schm'dt Boelter gage mea urement 

j 

Type of 
Measuring Device 

Type of 
Recording Device 

Setra Systems IDi g ital Data Acquisi-
model 204E variab~ tion Analog-to­
capacitance pres- Digital Converter 
sure transducer 

Absolute SETRA 
Systems model 
variable capaci­
tance pressure 
transducer 

Chromel®-Alumel® 
Thermocouple 

Doric temperature In­
strument Digi.tal 
Multiplexer 

Chromel~-con- Thermoplexer/multi-
stantan Thermo- verter/RADS/DEC'lO 
couple system 

Systron-Donner Digital data acquisi-
time code gen~rato~tion system 

Method of 
System Calibration 

In-place application 
of multiple pressure 
levels measured with a 
pressure measuring 
device calibrated in 
the Standards 
Laboratory 

Thermocouple verifica­
tion of NBS conformity/ 
voltage substitution 
calibration 

Instrument lab cali­
bration against Bureau 
of Sta.ndards 

Potentiometer Digital data acquisi- IHeidenhain rotary 
tion system, analog-to- encoder ROD 700 
digital converter. Resolution: 0.00060 

Overall Accuracy: 
0.0010 

rea is undetermine 

y in the small diameter 
is not quoted. 

.... REFERE!'lCE: Thompson. J. W. and Abernethy, R. B. et a1. "Handbook Uncertainty in Gas Turbine Measurements." AEDC-TR-73-5, February 1973 
NOTES: .n< 

a,..u""T_ 
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b. Calculated Parameters 

STEADY-STATE ESTIMATED MEASUREMENT'" 
Precision Index Bias Uncertainty 

(S) (B) ±(B + t95S) 
Parameter I 'H 

Designation ... be .... '" o EO ... bO ""' '" .... '" 
0 0 O~+J 0 t: 0 Ol-o'-' +.> bO o l-o 

'" ..... 
'" t: "''0 '" ..... ",0 t: t: "'+.> 

O'H'O +,1/lQ) Q) Q) 0"'<'0 +.>I/l'" Q) 'H ...... ~tnC 

l-oO<ll ..... <II e l-o IJJ l-o 0 «I ..... «IS 00'0 .~ ro: w 
II> '" 0'" ~~ 

II) II> t: IJJ l-o <II d II> S 
0. lOX: ::>::il 0. lOX: ::>::il II) II> ::>::il 

Cl 0. lOX: 

M 

M 0.38 >30 0.76 3.9-4.0 

i 

PT TT I 

RE/ft,l/ft 0.9 >30 2.6 160-120 730 i 
0.8 2.2 00-180 lOOO~ 

1.1 2.7 
1440 I 

20 1440 I 

H 
I 

lxl0-2 H(TT) ,H(0.95TT) ,H(RTT) 2- ::>30 6 .10 
(for thIn "kin thermo- 1><10-3 _ 
couples only - see 4 ::>30 6 14 lx10- /, 
Notes 1 and 2 on pg. 1 - -;>30 - - ~lxl0-4 . 
of this tab Ie) 

; 

: 

. 

--"Abernethy, R. B. et a1. and Thompson, J. W. "Handbook Uncertainty in Gas Turbine Measurements." 
AEDC-TR-73-5. (AD 755356), February 1973. 

GC-120-1 (~up'!r8edcB VD-16AJ 9/81 
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TABLE 3. InstrumentatJon and Constants 

Skin 
Gage, Thickness e 
TC No. (in.) X/L (deg) NX Ny NZ 

1v01 O.C,)9~) 0.1990 9O.{JOOO 0.0000 -1.UOOO o.uooo 
3007 O.C'30n 0. V.J90 135.0000 0.0000 :"0.7070 ... 08 '/070 

3iJ03 O.03!)U 0.1990 180.()OO0 0 .. 0000 u.oooo -1.0000 
3'.104 \).029n 0.4980 90.0000 (J.ooOO -l.UOOO o.uooo 
3uOr:, O.O?90 U.4980 180.GOOO 0.0000 o.oouo "1.0000 
4013 O.O28~ 0.0000 0.0000 -1.0noo UcOOOO -l.UOOO 

, 4014 0.0285 0.0081 0.\)000 -0.3090 V.OOllO v.Y510 
II.Olt) 0.0290 0,.0497 54.0000 -0.3090 U • 'i 6 f) 0 O.!:>5YO 
4uli) 0.07.90 0.0503 74.uOOO -0.3090 0.9140 O.~b21 

AU 1 7 0.0295 0.0578 180.0000 -v.3090 O.UOOO "U.9511 
4 0 1~· O.(l;~90 li.0578 352.000C, -O.3n90 -{J.1324 0.9418 
4Ul9 0,029'5 O.065b 72.0000 -0.3090 U.Y(Ht5 0.:C939 
4020 0.0290 O.lu8b 0.0000 .. 0.3090 o.uooo 0.'::1511 
,hQj 0.0310 0 .. 1086 45~()Q()O -.9. 3 090 U.b725 O.b725 
4023 O.031S 0.1265 46.000G O~ooOO U_71'::13 0.6947 
4024 0.0300 0.3900 260.0000 Ij.OOOO -0.9850 -0.1736 
40;5 1),,029S O~5990 99.0000 0.0000 0.')877 -O.15b4 
4U27 0.0300 0.5990 279.00lJO O.onOo -u.9WI7 0.1564 
3124 (] ~ 0 3 :tLj o. (JIJ 62 45 .. 00LiO "0.;3090 -U.6725 0 .. 6725 
35'26 O.029U 0.1(186 90. LJ (I U 0 -0.3090 0.':1511 v.oooo 
4208 0.0300 0.0462 6.1)000 -0.3090 U.U9Y4 0 .. 9458 
4i09 0.0290 o. ()46~ 90.uOOO -0.3090 -0.9511 0.0000 
42jO 0.0290 0.0462 270.vOuO -0.3090 -O.Y511 0.0000 
5030 ().O31~:; O.076u 174.UOVO -0.4790 U.U':I:lO "O.t:!730 
f)031 0.0324 0.0760 264.0000 ~O~4790 ... 0.8730 "0.0920 
~;, IJ 3:~ 0.0325 U.ld?l ,'270.U000 -0" 1 4 40 .- "'U.;19U n O.Uo()() 
SU34 ().O320 0.2700 270~()OUO 0.000,) "'1.00\)0 o .. uooo 
5 /. t1fi 0.0314 O.O76() 25.·0eJlJo ...,0.4791) O.42VO 0.7710 
51'47 0.032'::' o. HJ71 8.2500 ... O.14411 v.14:iO o. ';i "/9 0 

. .2 L 4 8 o ~ (j 2 Sl (I G.270U O.Ol'V(: O~O()OO v.vOuo 1.UOOO 
504f:, ().03n~i O.6?9!)' 264. Ll-O()O u.onO(j ... u.yq!)O '"'U.09C:O 
:1 0 it 7 0.03/;5 O.9C7b 168.bUOO 0.0000 V.IY'iO "'0.9810 
5 U 4;J 0.0323 0.915b 5.bOUO 0.0000 U.U9dO U.99~O 

50 1+9 0.0300 C.9t.75 356~30{jO 0.0000 -U.LJ6~O O.y98U 
[.; U5 C 0.0300 0.9373 5~bCGU 0.(1)00 O.U9tlO O.99~CI 

5(}S1 0.0300 0.9373 2? b • V (, V () 0 .. 0000 -V.Si950 O.10!)O 
51152 0.0305 0.9373 340.6000 0.0000 -(;.33/.0 V.Y430 
5:ti}9 0.0300 0.4350 0.0000 o~OOOO v.VOOo 1.0000 
~):/ SO 0.0300 0.4440 358.0000 O.U()DO -O.U3~O 0.9990 

-5 '? 5 ] \1.0310 0.6300 352.5(}()O 0.00(1) -U.1J1O 0.9910 
~/52 0.03?7 O~8370 310~U0(JO 0.0000 -0./600 0.6430 
5156 O.O3]! O.05~n :2b.vOOO -O~5S50 U~35'20 0.7540 
b~q 0.03L6 (l.O~O{J 29 c hOtJO -O.5~70 0 0 4130 0.7210 
715 0.0326 (I.O~)0() 37.7000 -0.5'570 li.!)OtjO O. b 5 '/ C! 

~) 1. !) H O.U328 U.08G5 2~:;.OOUO -0.4650 0.3740 U.l:!020 
5 1~) 9 (J.O]:!i3 0.(191.3 25.uCVO .. U.132d LJ.3810 u.Hi?!) 
51bO 'O~04GO f).'tf;()() 17.00(;( o • (10(; 0 0.1.920 0.Y560 
!jIb? u,0319 Ii " 4 I; 7 v 20.uOOO 0.0000 U.34iO 0.9400 
f:i 17 3 0.0'337 O"tl b10 20.Ul'OO u.OOOI) 0.3420 u.';H.OO <;1 
sv72 O.(Jj(ll~, O.'2~()() 2BU~OC00 O.OOCh) ... (j.~8:'O U.1740 
5073 (J.I):lOO O.3COO 280. <) 0 () 0 0.0000 "'ll.YQ~O 0.1740 
5C,74 0 •. 0') 00 ().3100 280. u \) U 0 0.0000 ... v.~8~O 0.17 4 0 
51)7'5 O. (II) ()O ·C.3:2dO 280.lJGUO 0.0000 -U.Yi~~)O V.1740 
5 u., () o~0400 0.3300 280.0000 O.On00 -l.i.~n!>o 0.1740 

.(" SU77 0.0400 OQ3400 280.00uO O.UOOL) -U.Y8~O 0.1740 
') 07 (' 0.0400 O.3~)OO 2.80.o0UO () • 00 (I 0 "O.~8~O () • 1 7 {! 0 

5u79 0.04UO (l fi 3bOO '280.00UO o.unoo "'V.YA~O 0.1740 
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TABLE 3. Continued 

5,) 8 () O.04PO 0.3700 280.0000 0.0 I) ()() .. O.YRSO 0.1740 
5 IJ r3 1 O.O:rlJO C.3850 280.UOvO O.O()O() '"u.1.J8!:>O U .. 1740 
5082 0.0400 0.3950 337.~OUO 0.0000 -0 •. Hl30 U.y240 
51)8.3 0.1)305 0.47(1) 337.~OOO O.OOO() ",u.3830 (;.9240 
51)fl/.J: O.O3()5 0.5000 337.5000 o.onoo .. 0.3830 O.Y240 
5085 0.0400 ().3Y5v 330.f)O(;O O.OouO -O.~OOO 0.8660 
5u8h 0.0400 0.4310 330.0000 0.0000 "U.5000 0.8660 
51)87 O. (1400 0.3950 3'43.1200 0.0000 .. U.:t9uO o.y570 
5 (j8B 0.0400 0.3900 40.0000 0.0000 l).6430 0.7660 

5v96 0.030(J 0.5500 17.0000 0.0000 0.2920 0.9560 
5v97 0,,030C 0.5500 l1.f:lO{JO 0.0000 U.3390 0.9410 

035 0.0295 0.5500 o • (I<)(i 0 0.0000 O.vOOO l.()OOO 
5iJ99 O~O295 O.'~500 34B .. uOOO 0.0000 -U.:t080 U.':J78U 
S'l () 0 0.0295 0.5500 337.5000 0,,0000 .. 0.3830 0.9240 
5101 U.0320 0.6250 17.()OOO 0.01)00 U.2920 0.<)560 

5102 0.0320 0.6250 1:1.8000 0.0000 V o 2040 0.'3790 
51;j3 0.0320 0.6250 O.vOOO 0.0000 0.0000 1.UOOO 
5.1.04 0.0310 O.625V 34B.0000 0.0000 .. 0.if)~0 0.9780 
5105 0.0305 0.6250 337.~O()0 0.0000 -0.3830 0.9240 

,_~5~1 (1 b 0.0300 O.665u 337.5000 o.oocio ... O.3R30 009240 
Sin., 0.0300 0.6650 330.0000 O.onoo -0.5000 o.u660 
5108 0.0290 0.6650 315.0000 0.0000 ... 0."/070 O.707() 
5109 0.0329 O.HBOU 270.vO()O 0.0000 ... 1 .. uOOO 0.0000 
5110 0.0329 O.8dOO 255.0000 0.0000 .. 0.Y660 -0.2590 
511 1 0.0310 0.9380 3EI.OOUO 0 .. 0000 ·-0.7070 0 .. -, () 70 

511'1 0.0285 0.9380 0.0000 0.0000 O .. OO(JO 1.0000 
511 3 0.0305 0.9380 23.00UO 0.01)00 0.3910 0.9210 
5114 0.0329 O~880U 240.00(;0 0.0000 "U.1:!660 ... 0.0000 
5115 O,,,()330 v.8800 285.0000 0.0000 "v.9660 0.2590 
5-1 18 0.0305 0.9260 240.00UO 0.0000 -O.ts660 .. 0.5000 
5119 0.0310 0.9260' 285.0000 0.000") "U.9000 O.25SlU 
5J20 O.O28~) 0.9380 15.0000 0.0000 0.25~0 0.;;660 
5157 O.fl300 0.0604 25.0000 -O~5260 U e 3600 0.7710 
5121 O~O30:) o q 938 () 240.Ul1 vO 0.0000 ~O.l)6bO "0.5000 
51:n 0.0305 O~9380 3-.l5.ovuO 0.0000 "U.2590 V.f:l6f)O 

5J.'23 O.O33~) 0.8000 ~8.~()UO O .. OOOr) O.~530 U.5220 
5j2~ 0.0.337 o ~ 8 'i:() () ~8.oGOO v.OOOd 0.85.30 O.~220 

5126 0.0290 O.926U 5b.5000 _o.0000 O.~530 0.5??CJ 
5J.27 0 .. 0340 O.gOOU 68.0000 0.0000 0.9270 0.3750 
2J2b Oey34l} O~840U 68.00u9 0.0000 v.9270 0.3750 
5129 0 .. 0339 O.SHOO 68.0000 0.0000 0.9270 U.3750 
5130 0.0300 O.926v 68,,0000 0.0000 u.~270 U.3750 
5131 0 .. 0339 0.8UOV 75.00UO 0.0000 U.9660 0.2590 
5132 0.U340 0.8400 75.0000 0.0000 0.9660 0.2590 
513 3 O.C338 0.8800 75.0GOO 0.0000· 0.9660 0.1.590 
5134 0 .. 0280 0.9'/.60 75.UOOO O!,OOOO 0.9600 0.2590 
2072 0.0400 O.420u 36.32()U 0.0000 - O.!:>920 1I.~060 

51;:iv2 O.l)4()O 0.4200 32.UOOO 0.0000 0.5300 0.tl480 
2073 0.0400 0.4250 36.3200 0.0000 0.5920 O.t;ObO 

",~:, 0 I[ 0.0400 0.4.300 32.0000 0.0000 0.5'300 0.8480 
207 -{ 0.0400 0.4300 3b.3:LOO 0.0000 0.0920 0.b480 
~;')Oh O.1l310 0.451U 32.UOVO 0.0000 O.!:>3VO 0.8480 
5::' 0 il 0.0305 0. 4 590 32.UOUO o.onDO 0.53VO U.u480 
5510 0.0305 0.4860 32.0000 0.0000 u.!:>3UO V.d480 
5 S 1:~ 0.0310 0.4940 32.00uu 0.0000 U.53UO 0.tl480 

1,\, ~):)13 0,,0330 0.5560 3:2.0000 0.0000 U.5300 U.H,'l80 
5~) 15 O.O31~) O.564U 32.00\.10 0.0000 0.53uO 0.tJ480 
5516 0'.0315 ()~5910 32.uOOO 0.0000 0.53UO o.~480 
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TABLE 3. Continued 

2 \.H'~) 0.0335 0.6000 33.7500 0.0000 0.:'5bO O.ll310 
5':>lH O.030t) O.6LbO 32.,)000 o.onoo u.t>3vO, u.U480 
5~,q (J-. () 330 U.6340 32.0000 0.0000 0.53(1) 0.8480 
5501 0.032S 0.6610 38.UOOO 0.0000 O.blbO U.)880 
5520 0.0330 O.66tO 32.0000 0.0000 0.!:>300 u.ti480 
5S03 0.0325 O.66YO 38.00()O 0.01)00 0.b1.60 U.7880 
5521 0.0330 0.6690 32.00()O 0.0000 \).':>300 U .. tl480 

5:'05 O.032u 0.11960 3B.OUOO 0.0000 0.011)0 (J.7880 
5~?''2 0.0320 0.6960 32.00uO 0.0000 V.5300 0.8480 

709 O.u34j 0.7000 29.~O(JO 0.0000 0.4970 0.8680 
5507 0.0320 0.7040 38.00(.10 0.0000 O.t>1bO o. '/880 
5S?3 0.0320 0.7040 32.uOOO 0.0000' U.5300 U.8480 
552 ,~ 0.0337 0.7390 38.00(JO O.OQ(IO 0.b1bO v.7880 
5525 0.0337 0.7390 32.0000 0.0000 0.:>3UO 0.8480 
5;:)09 0.0338 0.7660 38.00UO 0.0000 0.61bO 0.7880 
:; 5 L I~' v. n337 0.7660 32.0000 0.0000 0.::>300 U~8480 

551 1 Oe0339 0.774U 38.0000 0.0000 0.0100 0.7880 
~, ~'27 0.0338 0.7740 32.0000 0.0000 0.5300 O.fj480 

liO 0.0339 O.8(j()O 29.8000 0.0000 0.4970 O.t)680 
726 0.0339 0.800U 37.7000 0.0000 0.0120 0.7910 

5528 0.0337 0.8010 32~OO(IO 0.0000 O.tl300 U.ij4fj(l 

551.9 0.0343 0.8090 32.0000 0901)00 ue 53UO 0.b480 
5530 0.0337 0.836U 32~()()00 0.0000 Oo~3t.iO 0.1;480 
5:)31 0.0336 0.8440 32.UOOO 0.0000 0.5300 U~tJ480 

7 J 1 O~O336 0.8700 29"IjOOO v.OoOO U • '* q '/0 0.8680 
1'17 0.0336 O~8701) 37 .. 70VO 0.0000 O~61LO 0.7910 

5533 O.D335 0.871,0 32.0000 0.0000 0.:;300 0.8480 
5534 0.0337 0.879U 38.0000 0.0000 0.6160 0.7880 
5535 0'.0338 0.0790 32.0000 0.0000 0.5300 O.b480 
~ h -., ,. 
O:>.~t) 0.0310 0 .. 4 590 > 27.0000 0.00 OJ) 0.4540 0.8910 
5537 0.v3U) 0.4650 27.00C)O 0.0000 0'. l}540 V.tJ910 
2u55 0.0345 0.8400 45.00vO 0.0000 0.7070 0.7070 
2U56 0 .. 0345 \).tl500 45.0(JOO 0.0000 0.7070 0.7070 
55::Pi O.()343 O.fli140 27.0UOO 0.0000 0.4540 O.b910 
5tlJ9 0.0341 O.8~Oo rl.U000 0.0000 U e '!540 v.b910 
Si53 0.0321 0.1750 18.00UO -O.jROO u~':s04:0 !L9360 
5 L~) I~ 0.0323 O.~}OOU 180.UOOO -0.1.050 V.U000 -1).9950 
5 L ~'7 O.O32~ 0.3jOO 270.0000 ' 0 0 0000 -l,,(JOUO U.OOOO 
5i5!:l 0.0315 O.3 tH)\) 270.UOUO 0.0000 ""l.lIOOO 0.u000 

026 0.0320 0.4400 000000 0.0000 0.1.)000 l.lJOOO 
b28 0.0310 0 .. 4500 O.OO()O O~OOOO O.OOUO 1.UOOO 
029 0.0310 0.4550 O.uOOO 0.0000 V.OOUO 1.UOOO 
031 0.0300 0.4700 f).VOliO 0.0000 0.0000 1.0000 
032 O~O310 0.4800 O.OO(}(), O.OOO() 0.0000 0.0000 
b33 O.(l310 o • '1900 O.OUUO 0.0000- 0.0000 1.0000 
b 3 t\ 0.0310 0.5000 O.UOUO O.onOo O.OOvO 1.UOOO 
648 0.037,(1 O.92hO 0.00(10 0.0000 O.OOvO 1.UOOO 
b (1 f, 0.0330 0.9260 17.uOUO O.ClOUO U.:2Q20 O.95bO 
112 0 .. (1325 0.9260 29.8000 0.0000 0,,4970 0.tJ680 
('93 0.(31)0 O.9uOO 315.00ln) 0.0(100 -().7010 0.7070 
o 9f; 0.(1300 ().9260 3J5.o(}(.JO 0.0000 ... 0 • 70"/0 u.7070 

? II Cd o. (130 I) 0.5690 7.3.iO(IO O. 00 (J i) 0,,39).0 O.~200 

:2 u 0;;;' O.u3:?O O.7u3U 2.3.10VO O.OnoO U.3920 0.<;1200 
?tlO1 O.O3,0!) 0.8350 23.1uuO 0.0000 O.3Q20 0.9200 
? u \ll~ O.U30(I 0.9000 20.uOvO u.uooo O •. H20 0.9400 Ifj 

?u07 0.0300 O.SL~6U 31. i13uO 0.0000 O.t)210 U.b530 ) 

?,Ur)H \(.0310 O.5fl10 31.43uO O.()r;OO U.~210 0.8530 
)009 0.0325 0.61bO 31. 11':;UO 0.0001) U.~210 0.b530 
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TABLE 3. Concluded 

2ul0 0.0330 O.h~OU 31.'·t30(l 0.0000 ().~:no 0.13530 
l'1J3''; 0.01.°0 0.9350 37.6.1000 0.0000 -U.o5bO U.~300 

'2 t) b I'", 0.03(10 O.8S/0U 45.0(iOO O.oouO 0 0 /0'70 0.7070 
21)64 O.0?9~) u.93~() 45.U0UO 0.0000 0.7070 0.7070 
'it) H<) 0.0300 0.9370 352.i!000 0.0000 -0.1360 0.y91.0 
2U4 0.0300 0.8300 305.40{JO 0.0000 -O.bl::>O 0.5790 
21:(5 O.Ll300 '0.9000 J01.5000 0.0000 -0.8530 0.5220 
'2 l 4 (j O.Q.3UU 0.9100 289.4000 0.0000 "'U.<:I430 0.3320 
2145 0.0295 O.93()u 289.40UO 0.0000 _0,,9430 0.3320 
2140 0.0300 0.930U 270.uOOO 0.0000 -I.uOUO 0.0000 ----II 151. O.(l2B~i 0.9350 ~58.0000 0.0000 ... 0.~780 "0.~080 

2158 0.0300 0.9:/60 335.2000 0 .. 0000 -O.41YO 0.908U 
2160 0.03(;0 0.926(J 345.5000 O .. O()OO ... 0.2500 0.~o80 

21bl O.03U5 Oft9~6V 305.0000 0.0000 "U.ts1.90 0.:;,74U 
3261 0.0322 0.0150 90.0000 .. 0.3090 ~().9511 O.UOOO 
3ur,r; 0.50('0 o ~ 9 'J 6 U 48.\.IOUO .. 1.0000 0 0 0000 0.0000 
3 (j I) '/ 0.4420 0.9470 35.0000 0.0000 . .,0.0.736 O.~192 

3v6b 0 .. 457,0 0.9460 42.0000 "'1.0000 U.OOOO 0.0000 
3:£03 O.52B(1 0.7570 50.0000 -1.0000 u.oeoa 0.0000 
31.07 0.5340 O.j4~'U 270.00(JO .. O~5000 0.&600 0.0000 
5 \) 2 9 0.5250 0.01.20 180.00VO ""O~6350 0.0f)00 "'O~773U 

5032 0.6120 0.1871 180.1)000 ... 0.1440 O.UOOO -v.<)900 
~S v 35 0.5700 0.3328 180~OO(JO O.Oovl) 0.0000 -1.0000 
5U36 O,,50UO 0.3328 251..'1000 0.0000 "'U.Y4BO -O~3l90 

5 I) 37 0.4780 O.332l:l 270.UOUO 0.0000 '01.0000 0.0000 
Su3B O.fJ:2(}O O~332H 28t1.6000 0.0000 -0.Y4~O 0.3190 
5lj39 Oe5040 0.4179 2.~)OOO 0.0000 U.0440 0.9990 
5 LH (J O.5i2D 0.4103 2.5000 0.0000 0 .. 0440 0.9990 
5U41 0'.4920 O~4244 2.5000 0.0000 U.04tJ:O 0.9990 

-Sj) 12 O.5~l!O 0.3515· 25.0000 0.0 a O·() U._ 1t?:3 0 o.Y060 
SU43 0.5600 0.,3831 :ti70.uOvO 0.0000 -l.UOoO 0.0000 
5U44 0.5800 0.4090 1.80 .. 00UO o.oQOO o.UOuo -1.uOOO 
5t41 0.565u O.OS60 31.3jOO -O.B240 U.~gbO 0.4830 
SL59 0.5640 0.i{730 37.500(; o.on(lo O~bO~O 0.7830 
5.260 O.446u 0.4710 35.0000 o.OOO() O.t>740 0.8190 
SOS.3 0.5340 0.3b40 23.o0uO· -().4300 ·~v.79'10 U.4240 
5 CiS 1.\ 0.4840 0.3620 25.0(:00 ·0.6000 U.33t.lO 0.7250 
'::1 / 55 .. /IJ •. " O./-l:8HO 0.5500 37.:,()OO '0.0000 U.bOS/O O.7~30 

5li56 0.5120 (}~844U 37.~OU(J o.OO()O 0.6090 0.'1930 
-.?y57 0.5180 0.4460 (1.0 (; U 0 -1.0000 v.uooo 0.0000 
5u58 0.4860 O.332b 270.0(I()O ~1.0000 o.uooO o.uooo 
51)59 0.4440 0.4070 320.0(J()O ... 0.4.820 o.uooo O.t$760 
5060 0.5200 Op937li 17.0000 -i.O()OO O.lIOOO O.UOOO 
5 j 81 0.5500 O.Cl560 37. 70 () o· -0.7350. V.41S0 0.S370 
506J. 0.4620 0.9310 330.uOOO -l~OOOO U.UOuO 0.0000 
51.162 0.5120 0.9070 25.UOOO -l~OOOO - 0.0000 0.0000 
55~O U.~)120 O.8!)OG 32.00VO 0.0000 U~!:>300 O.lJ980 

51.42 0 .. 5100 o • 04()(1 180.00uO .. 0.5870 ().VO(JO 0.0000 6\ 
31 ilj 0. 4 120 O.O(JOO 90.0000 -1.0000 v.OOuo 0.0000 c1 
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TABLE 4. Schmidt-Boelter Gage Calibration Constants 

GAGE SENSITIVITY TO :j::NCIDENT RADIANT FLUX 

(ABSORPTIVI1Y = 0.97) 

C1 C1 
SENSITIVITY SENSITIVITY 

2 mv/BTU/ft2-sec GAGE mv/BTU/ft -sec GAGE 

3066· 0.500 5053 0.534 

3067 0.442 5054 0.484 

3068 0.452 5055 0.488 

3203 0.528 5056 0.512 

3207 0.534 5057 0.518 

3243 0.412 5058 0.486 

502.9 0.525 5059 0.444 

5032 0.612 5060 0.520 

5035 0.570 5061 0.462 

5036 0.500 5062 0.512 
~--.--------"'" 

5037 0.478 5181 0.550 

5038 0.420 5241 0.565 

5039 0.504 5242 0.510 

5040 0.512 5259 0.564 /, 'I 
0.492 \5260 0.446 

/ . 
5041 

5042 0.550 5540 0.512 

5043 0.560 

5044 0.580 
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TABLE 6. Photographic Summary 

Camera View Camera Type Type Photography Roll No. Run. No; 
----_. -----_._-

1 Fwd Port Varitron Shadowgraph 0293 86-95 
Operating 70 mm Stills 0298 97-107 
Side 

Color Schlieren 0364 96 
Stills 

2, Aft Port Shadowgraph 0294 86-95 
Operating Stills 0299 97-107 
Side 

Color Schlieren 0366 96' 
Stills 
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APPENDIX IU 

trunRENCE REAT ... TRANSFER COEFFICIENTS . 

In pre~enting heat-transfer coefficient results it is convenient 
to use reference e~efflcient8 to normalize the data. Equ~librium stag­
nation point values derived from the vork of Fay and Rlddel1* were used 
to nortllflHa:e the data obtained in this test. These referencecoeffidents 
are glven by: . 

and 

where 

t/2 0 4 . po 0.25 -5 
p ~..:21H3(PT2) (HUn)' [1 .:Iff] [0&2235 + (t .35 x 10 )('1'1'+560) j 

(RN)1/2(TT)~·1S 

----=-"-~g), --- -- -
~ (RHO)(V) [0.2235 + (1.35 x 10-S)(TT ~ 560)1 

P'l2 

MU1'T 

P 

IT 

ru-: 

Rl!O 

V 

Stsgnat!cm pr.ess~t'e do~ctt,;i:ream of a 
normal ~hock wave, psia 

2 Air v1~cOGity based on IT, lbf-scc/ft 

Free-stream pressure, pai& 

Reference nose radius. (0.011S it or 
0.04 it determined by ruodel seale) 

3 Free-stream density. Ibm/ft 

Free-stream velocity, ft/s~c 

'* ::::c\lrc- __ lR5I"Bc:::&:112 

I!o'ay!, J. Ao tmd IUddeH, 1:'. It. ttnH~ot'1 of Stagnation Point Hent TrmuJt'er 
in Dis§ociated Air.w Journal of tha Acron~utical Sciences. Vol. 25. No. 
2, February 8958. 

so 
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SAMPLE TABULATED DATA 
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.. ,." d~. r ... . ., _ _ _ • t~. ... .. A c: T i. IT i 
AR~ULO AIR ~~Rci ~TA' ~, ~~~NF~S.~ 
hASA/Hl In91 h£ATI~G ,f.ST 
PAGE 2 

flUN 
68 

Pli,e.~f. 

(' 
MDOE~ ~.CH NO 
Du-ors 4.00 

T 
(DEGR) 
351.43 

p 
(P5IA) 

1.127 

:) 

(PSlA) 
1<:.622 

TC tlO 

5250 
5251 
5152 

5156 
699 
715 

~15S 

·5159 
51&0 
5162 
5173 

~072 
5073 

lJl 5074 
N 5075 

507t> 
:'077 
SOH 
5079 
S080 
5081 
~082 

5083 
5u94 
5035 
5086 
5087 
5088 
509b 
5097 

035 
5099 
5100 
5101 
5102 
5103 
5104 
!)lOS 

Ttl ,DT"'IDT 
(UI::GI') (DEG/S) 

b05.6 
576.6 
514.-5 

f,.,8 .5 
6/4.4 
0.,7 • .; 
hjq.2 
h 1·4.1 
632.5 
6 't 4. a 
50/).1 

St>l .2 
6ut·.5 
6 .. 9.6 
6~7.B 
6 .. 7.7 
bl'1.B 
ti/l~l 
bL5.9 
50".0 
575.5 
S .. ~.8 
5~ 1.9 
S!;:h.4 
545.3 
Stl1.0 
5<11.0 
500.t! 
584.1 
5<15.7 
5':f2.() 
5'17.9 
5/9.7 
5'0.2 
S/f!>.8 
5/3.3 
517.7 
505.3. 

155.106 
64./F,) 
b'}."91 

tEd .473 
1 09. ·1.4 .. 
170.:''*1 
141.;9,) 

·116.HJ4 
136."'19 
13 Q 

•• Hl'-l 
31.'J07 

75.·n4 
147 •• 1107. 
190.;,)11 
196.522 
184. ~.30 
21>J.II)9 
:l13.';187 
156.;:93 

84.050 
95. HI) 
59.i)44 
91.2<11 
84.nli 
55.197 
66.'142 
43.7(l4 
45.643 
60.'126 
5'J./()f:! 
75.8.10 
flb.7tS 
6S.L~1 

72.7S2 
S7.~25 

54.USE> 
66.l3~ 

52.90), 

v 
(rT/SI-:C' 

3,,76. 

~nOT 

(?TUI 
flL-S) 
2.217~+Ol 
q.160~.DO 

1.04J~+Ol 

2. os 5 Or:. 0 t 
1. 707f.~.()1 
2.77 a: .. o 1 
7.180;': .. 01 
, .7731:: +01 
7.5b3HOl 
7.U96£-:.01 
4. 728~:+O(} 

1. 367f~+Ol 
'2.72 H~. +0 1 
3.712::+01 
3.731!-.+01 
3.4941-: .. 01 
4.1 P5".+O I 
4. (I 8 '::I !< ~O 1 
2. Q 34E+Ol 
1.S2SI<+OI 
1 .7.3 5 r: + 0 I 
1.07'3,-+01 
1.2801-.+01 
1.1881< .. 01" 
9.Q35~ ... Oo 
] .216f:.vl 
7.i-I49E .. OV 
@.2651'" .. 00 
R.~57F+OO 

1!.14i!:.+Ov 
1 • (l2IH •• 01 
1. t 771-.+01 
R. 7(1t-,~ .. 00 
J .067 r: +01 
&.452E+OO 
7.1<791:.+00 
Q.374H·CU 
7. 310~;+00 

PT,PSIA 
l74.6 

TT,DEGR 
1440.1 

ALPH~-Sl::Cl'OR 
3.07 

kOL!.-Sl:.CTOk 
-9i1.03 

ALPHA 
.. 0.00 

XAW 
2.95 

....... , ..... ~. :.tl-UCl'-~~ 

TlHE REC( .0 1J; J4:27 
..,ROJEcr ,6EH V4 C-2E 

~HU 
(LBM/fT3) 
8.655~-03 

MU 
(LB-S!::C"/f!2) 

2.7191'.-07 

RE 
(ft-1) 
3.b37f.+Ob 

H O,EF'). 
lRN= .U175!'T) 

8.931£-02 

Sl'fR 
(Rtl= .0175FT) 

1.120£-02 

ut:LTAl:: Or.:LTSF DELIse 
. 

o. O. o. 
E(TT) 

(I' TtJ IF '[2-
S-DEGl<) 
:t'.1i60E.-02 
1.ObO~-02 

1.2041:.-v2 

3.3u7t.-U2 
2.L:?8~.-02 

3.67i:le:-02 
2.720 ... -02 
:2 .14~t:-02 
.3.1711::-02 
~.634f.-02 

5. 37(}~.-03 

li(Tn 
IHREF 

0.3203 
0.11tl7 
O.lH~ 

0.309\1 
0.2494 
0.4119 
0.304b 
0.2402 
O.l!:>!>l 
0.2<;49 
0.0601 

lH .95TT) 
(RTU/rT2-

S-DEGp) 
3.1534 .. -02 
1.15f>br-:-02 
1.3136E e 02 

3.6419E-02 
2.45RaF:-02 
4.067lF:-02 
2.9891E-02 
2.3499;;:-02 
3.4815;;:-02 
2.8960 .. -02 
5.b48IF:-03 

H(.9!)T·f) 
IHHEf 

0.3!)]1 
0.12QS 
0.1471 

O.4U7tl 
0.2/53 
0.4554 
0.3.147 
0.2031 
0.3t;9tl 
0.3H3 
0.0055 

l.554E-02 0.174~ 1.6928F:-02 0.ld9!> 
3.270~-02 0.3ael l.5790r-02 0.4UO] 
4.69'~-02 O.~~53 5.!b17E-02 O.57Ro 

,4.766£-02 0.5337 5.2495~-02 0.5~7~ 
4.4U7~-u2 O.493~ 4.A473F:-U2 O.542tl 
5.500£-U2 0.615t; 6.0751~-02 O.6dn~ 
~.313~-U2 0.595u 5.B621~-02 O.b!>64 
J.oOl~-02 0.4u32 3.94981':-02 0.4423 
1.742~-U2 0.195U 1.B979f-02 0.2125 
7.0U6i-02 0.2240 2.1678E-0~ O.245~ 
1.2u4~-02 O.1~4H 1.30q5~-02 0.1460 
1.S08t:..-02.0.l6IlY 1.6479f·02 0.ld4~ 
1.390~-02 0.1557 1.51BIF-02 0.110U 
1.110~-02 0.12~~ 1.2Uh1S-02 0.IJ51 
1.416£-02 O.15B~ 1.5455f.-02 0.2731 
~.724t.-03 0.0977 9.~BJ5F.-03 0.lU62 
9.393l-03 0.1052 1.0231F.-02 0.1146 
9.7S7E-03 0.1092 1.U653F-02 0.1193 
~.521~-03 O.lu6b 1.0JQ7~-02 0.1164 
1.212t=..-02 0.13~7 1.3242f.-02 0.1~a3 
1.J8H~-02 O.1~54 1.5169£-02 O.lb9b 
"t.022i::-02 0.1144 1.tl49f.-02 0.124b 
1.249~-02 0.139~ 1.3640E-02 O.1~21 
q.800~-03 O.lU9~ 1.0701E-02 0.1198 
o.08~~-03 0.lU17 9.907]E-03 0.1109 
1.0801::-02 0.1210 1.18S2E w 02 0.1J27 
8.363~-03 0.093b 9.1123E-03 O.1~2U 

Sample 1. Thin Skin Thermocouple 

R 

0.922 
·0.';122 

0.922 

1.1 • .,,45 
U.Y45 
O. <;44 
IJ.':I38 
0.')36 
U .922 
O.n2 
0.':122 

0.922 
U.'J22 
U.':I22 
(J.922 
u .':122 
U.922 
0.':122 
0.922 
0.922 
0.922 
o. ~22 
0.'JI22 
u.~22 
0 • .,,22 
0.922 
0.<;;/2 
0.922 
0.922 
O.iJ22 
u.So22 
0.922 
0.Y22 
1.1.-922 
0.922 
O·.~22 

u.!:I22 
O.n2 

HeR!!) 
8TU/f!2-

S-1!EGR) 
3.3453E-02 
1.:lHl6E-02 
1 •. Hl3~e:-02 

3. I)tl09t:-02 
2.4859F.:-02 
4.1165f.-02 
3.(1)271::-02 
2.'U64E-02 
3.oB34F.:-02 
3.0669E-02 
6.1!l52!::-Q3 

1.7810E-02 
3. 7772~:-02 
5.46571-:-02 
5.5bl4E-02 
5.13202-02 
6.4495E-02 
6.21H7E-02 
4.1745£-02 
1.9912£-02 
2.3040£-02 
1 •. n71E-02 
1.73tllE-02 
1.6()()bE-02 
1.20871::-02 
1.6288E-02 
9.969U£-03 
1.070"'£-02 
1.1230E ... 02 
1.091>21::-02 
1.J'ib7f.-02 
1.6001£-02 
1.17491::-02 
1.4382E-02 
1.12701::-02 
1.0437£-02 
1.2488£-0:£ 
9;5934£°03 

HeHTr) !H~RMOCOUP~E SKIN 
IHREF' LQCATlONS THICK~ESS 

IlL THETA (lh) 
0.3746 0.444 35tl.uOO 0.030 
0.1365 0.030 352.500 0.OJ1 
0.1549 0.tlJ7 J10.000 0.OJ3 

ET SOYl PLUG LOCATIONS 
0.4122 V.OS1 25.000 0.UJ3 
0.27R3 0.050 29.800 0.033 
6.4609 0.050 37.700 0.033 
0.3429 0.u81 25.000 0 8 033 
0.2106 0.U91 25.000 0.033 
0.4124 0.480 17.000 0.040 
0~3434 0.447 20.000 0.032 
0.0689 0.861 20.000 0.03~ 

EXTi~NAL TANK SLA REGION 
0.1994 0.290 280.00V 0.040 
O.4~29 0.300 2BO.000 O.U40 
0.6120 0.310 2eo.ooo 0.U40 
0.6228 0.320 2HO.OOO 0.040 
0.5746 0.330 2S0.000 0.040 
0.7222 0.340 2Sv.000 0.U40 
0.6963 0.35U 2tlO.00Q 0.040 
0.4674 0.360 280.000 0.040 
0.2230 0.370 280.000 0.04U 
0.2580 O.3b5 28U.000 0.040 
0.1542 0.395 337.500 0.040 
0.1946 0.47U 337.500 0.031 
0.1792 0.500 337.50U 0.031 
0.1421· U.395 330.000 0.040 
0.1824 0.431 330.000 0.040 
0.1116 0.395 343.120 0.040 
0.1200 0.390 40.000 0.040 
0.1257 0.550 17.000 O.OJU 
0.1227 0.550 11.800 0.u30 
0.15~4 0.550 O.OOU 0.029 
0.1792 0.550 34~.OOO. 0.v2'i 
0.1310 0.550 337.500 0.u29 
0.1610 0.b25 17.000 O.OJ.l 
0.1263 0.625 11.S00 0.032 
0.1169 0.b25 0.000 0.U32 
0.1398 D.b25 348.000 O.OJI 
0.1074 0.625 337.500 0.031 



V1 
W 

ARNOLu AI~ fOHr~ STATtON, T~~~K~S~~ 

NA$J\/KI 1.,Q7 HrJ.rLr.G rEST 
PAC!:: b 

l"Ul'O 
AS 

(I) GR) 
3 1.·i3 

PhA:>E: 
C 

p 
(PSI .. ) 

1.127 

GAGE ;,,0 Tt: 
(Uf.r.P) 

3066 '557.8 
3067 5·~3.5 
3068 6;lfi.1J 
3203 Rt$7.!01 
3207 6 .. 5.7 

5029 6~O.7 
S032 5:'6.9 
5035 ~:.!2.6 
5036 625.5 
50;57 713.4 
5032 boS.4 
5039 565.5 
5040 5/3.Si 
S041 613.~ 
5042 50£0.(1 
5043 5 .. 3.;; 
S044 5~2.9 
~241-1944.1:l 
5259 649.0 
526·05Dl.t:l 
5053 5':11.0 
5054 6b4.b 
5055596 •. 7 
505& l>13.~ 
5 C 5 7 ~ ,& .. / 
5050 3£7.9 
5059 RI9.t> 
5060 723.7 
5181 7$1.7 
5001 7d.3 
5062 1035.6 
5540 540.t 
5242 712.7 
3243 653.1 

MODEL MACH Lb 
60-0f5 4.00 

~ 
(PSIA) 
12.622 

v 
(fT ISF.C) 

3676. 

QrHiT 
(STUI 

fT2-S) 
4.0;121-.+00 
3.444r':+OO 
4.7721:.+00 
3.7F'lf.·+01 
?212F.+()1 

,.617< .. 01 
9 • I 4 3 r: + 0 tI 
-1.0(;')E+00 
2.6l'1[,+01 
3.5'<7£+01 
2. 75>lE .. '11 
1.351E+ul 
1.Llt,2r..+Ol 
1.64 3E ~:/ t 
7.21QF,+uO 
C,.5';>jr..~oO 

~. 7QH.-fOO 
3.S4or:+Ol 
i.734f.+00 
2.2,,4E+01 
9.473i::+O() 
'-.5'93£+ 0 1 
') .3<' 31':;'>00 
1.228E .... OO 
3 • R r>l F. ~HJl 
4.11"iEt01 
1.if7E+01 

-2.1:3711::+01 
3.22';1::+01 
3.324F+Ol 
2.2 1 8£+01 
r..91~E-02 
3.3un .. 01 
4.8S4E; .. 01 

P'l',P~IA 

174.0 
TT,D£GR 
1440.7 

ALPHA-SECTOR 
3.07 

rtuLL-StC',(Ox 
.... 1.1.1.13 

ALPHA 
-O.Ou 

YA", 

2.95 

PHO 
(L?~/fTl) 

8.055E-03 

IH 'fTl 
( RTl:/fT2-
S-Dl-.GR) 
4.t>?3E-03 
4.01ts!::-V3 
5.87;?r..-U3 
6.850£-02 
2.858£-02 

4.579 k':- () 2 
1.0.1~!-:-v2 

4.460f~-03 

3.2131::-U2 
4.93'H:-lJ2 
3.557E-02 
1.5791::'-02 
1.225E.-02 
1.98n-02 
2.427r.-03 
6.1RbE-03 
4. 137E:-03 
1.0401':-02 
4.7201::-03 
2.63f.E.-02 
1.1161::-02 
3.341£-02 
6.37RE.-03 
1.41:'51::-03 
4.;479E-U2 
3.09 RE.:-U2 
2.877E~02 

-4.00n:-02 
4.5481::-02 
4.b33I:.-02 
5.503!-.-\)2 
7.0781::-05 
4.951<::-02 
6.1b3E-02 

STfR 1-'.11 
(LB-~EClfT2 ) 

2.719E-07 

!olE 
(ft-1 ) 
].031E1-00 

11 (RI-;f) 
lRt-I= .0175fT) 

8.9,.SlE .. 02 
(l<N= .0175FT) 

1.1201:;-1.12 

heTT ) 
IHP./::f 

0.0510 
0.0450 
O.005b 
0.7071 
0.3201 

H (. 9",TT) 
(BTU/fT2-

S-DF:::;P) 
5.0342r:-03 
4.3.862f,-O] 
6.443bE-03 
'.H767 r -02 
3.1433 .. -02 

H(.9~T·!) 

ItlRt.r 

0.O~64 
0.0 .. 91 
0.072.! 
0.8820 
0.3~2v 

H 

1.vOO 
o. \,/22 
1.000 
1.000 
O.~3B 

O.512b 5.0390.-02 O.Sb4J O.~~4 
0.115~ 1.1264,-02 0.1261 0.924 
U.0499 4.83 Q 9r.-03 0.0542 0.922 
O.359~ 3.5246 .. -02 0.39;7 v.Y22 
0.~531 5.4823~-U2 0.6139 0.922 
0.3983 3.9211r-02 0.4j91 o.~22 
0.176~ 1.7245£-02 0.lY31 u.~22 
0.IJ72 1.3364 .. -02 0.1490 v.~22 
O.222~ 2.]765F-02 0.2431 V.Y22 
0.0272 2.6341r-~3 0.OL9~ 0.922 
O.Ob9J b.7258E-03 0.075J 0.922 
0.0463 4.4e92~-03 0.0:'0; u.Y22 
0.1171 1.0~~3f-02 O.ll9b u.~73 
0.052b 5.192Ar-03 0.05~1 U.Y22 
O.2YSZ 2.8776~-02 0.3222 lJ.922 
0.1249 1.2192F~02 0.IJ6~ u.~40 
0.3741 3.6832 .. -02 0.4124 0.':149 
0.U714 b.9714P.-03 0.07~1 U.922 
0.016c 1.6268 .. -03 O.OlB~ 0.922 
0.5015 4.R9732-02 0.~47l 1.uOO 
0.4141 3.953RF.-02 0.4427 1.000 
0.3i21 3.254~F.-02 0.3044 u.Y4! 

-O.4~Pl -4~44A2E-02 -0.4~81 1.vOO 
O.SU9L 5.0619 .. -02 0.5b~~ U.962 
O.51Sb 5.1501F.-~2 0.5767 1.000 
0.oL29 6.77u1E-02 O.7~~1 1.000 
O.OvOY 9 0 3454 .. -05 O.OuO~ u.~22 
O.S~44 5.5495E-02 O.6L14 u.949 
0.h901 6.7936 .. -02 O.7~9b 1.000 

Sample 2. SchQidt Boelter Gage 

H(RTT) 
BTUltTl­
S-DEGR) 

4.o25H.-03 
4.6230E-03 
5.1:17471::-03 
6.8544E-U2 
3.217 31:.:-02 

5.v0021::-02 
1.1815r.-02 
5.0tl23E-03 
3.7:'!5~E-02 
5.B3a5E"02 
4.15771::-02 
1.B1H2£-0:.! 
1.40'18f.-U2 
2.2994E-02 
2.7065::-03 
7.0084f.-03 
4.7140£-03 
1.U5761:;-02 
5.5014E-03 
3.0331E.:-02 
1.242bE-o;l 
3.6nOE-02 
7 ~3579F;-03 
1.71 tleF.-Ol 
4.48052-02 
3.0989£-02 
3.3370£-02 

-4.00Hr:-02 
4.92132r.-02 
4.035U£-02 
5.5676E-02 
8.772bE-OS 
5.5588C:-0:.! 
6.16571::-02 

H OnT) 
/HREF 

0.051a 
0.0518 
0.Ob5fl 
0.7b7~ 
0.3603 

0.5599 
0.1323 
0.0569 
0.4171 
0.653& 
0.4655 
0.2036 
0 0 1576 
0.2575 
0.0.310 
0.0791 
0.0528 
0.11B4 
0.06lt. 
0.3396 
0.1391 
0.4134 
0.0824 
0.0192 
0.5017 
0.4142 

-U.3737 
-0.44B3 
0'~5518 
:>.5190 
0.6234 
0.0010 
0.6224 
0.6904 

TIME Rc ~EO 1!tJ4:l7 
l'fUlJt:C' .JM~ER V4 C-2E 

DELTAE OlLT8f 

O. o. 

TH!:.RMDCOU?LE 
LOCATIUNS 
lUI. THJ::TA 

0.940 48.00v 
0.~47 35.000 
0.94b 42.000 
0.757 50.000 
u. HS 270.000 

OELTsa 

o. 

SKIN 
THICKNl';SS 

(IN) 

ET Dri LUCATIONS 
0.012 Itlv.OOU 
0.187 1IH).000 
0.333 HO.OOO 
O • .:l3~ ~51.400 
0.333 270.000 
0.333 288.600 
0.4lb :l.SOO 
O.'HO 2.500 
0.424 2.500 
0.352 25.000 
0.383 270.000 
0.409 18U.OOO 
O.Osb .31.310 
0.473 37.500 
0.,471 35.000 
0.309 23.001.1 

.0.J6225.00U 
0.540 37.500 
0.1l5/:) 37.500 
0.435 0.000 
0.333 270.000 
0.482 no.ooo 
0.937 17.000 
0.056 37.70U 
0.931 33U.000 
0.907 25.000 
o .1:l50 32 .000 
0.040 180.000 
0.000 90.000 


